Genome-wide transcriptional responses to acrolein.
The lipid peroxidation product and environmental pollutant acrolein participates in many diseases. Because of its formation during tobacco combustion, its role in various smoking-related respiratory conditions including lung cancer has received increasing attention. As a reactive electrophile, acrolein seems likely to disrupt many biochemical pathways, but these are poorly characterized on a genome-wide basis. This study used microarrays to study short-term transcriptional responses of A549 human lung cells to acrolein, with cells exposed to 100 microM acrolein for 1, 2, or 4 h prior to RNA extraction and transcription profiling. Major pathways dysregulated by acrolein included those involved in apoptosis, cell cycle control, transcription, cell signaling, and protein biosynthesis. Although HMOX1 is a widely used marker of transcriptional responses to acrolein, this gene was the sole upregulated member of the Nrf2-driven family of antioxidant response genes. Transcript levels of several members of the metallothionein class of cytoprotective metal-chelating proteins decreased strongly in response to acrolein. Other novel findings included strong and persistent upregulation of several members of the early growth response (EGR) class of zinc finger transcription factors. Real-time PCR and Western blotting confirmed strong upregulation of a key member of this family (EGR-2), the DNA damage response gene GADD45beta, the heat shock response participant Hsp70, and also HMOX1. Consistent with changes in Nur77 mRNA levels during the microarray study, Western blotting confirmed strong Nur77 induction at the protein level, raising the possibility that this death-inducing protein contributes to the loss of cell viability during acrolein exposure. Collectively, the transcriptional response to acrolein is complex and dynamic, with future work needed to determine whether acrolein-responsive genes identified in this study contribute to cell and tissue injury in the smoke-exposed lung.